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Executive Summary 

The thesis study performed examined the structural redesign of Three PNC Plaza from a steel frame 

building with composite slabs to a strictly concrete building. The structural depth consists of the 

design of the new one way post tensioned floor system in long direction of the building, supported 

by wide shallow post-tensioned girders spanning in the short direction. The new system was 

designed to have minimal impact on the buildings architecture, as a result original column locations 

were maintained for the redesign to keep the 42.5’-0” by 30’-0” bays intact. The design utilized an 

8” post-tensioned slab with 60” by 18” girders spaced at 30’ center to center. The slab was broken 

up into 5 distinct zones, based on the number of spans as well as span distances, and each were 

designed individually using the ADAPT-PT program. Girders were also broken up into typical 

girders A, B, C and D, and each type was designed using the same program. 

The existing lateral system utilized 7 distinct concrete shear wall cores located throughout the 

center of the build. These cores rise up until the 14th story where the steel moment frame structure 

assumes full capacity of lateral loads. The structural redesign follows the same premise only with a 

concrete moment frame. The shear walls had to be relocated resulting in 2 larger sets of core walls 

instead of the former 7. The new system is classified under a Dual System Design with both 

ordinary concrete moment frames and shear walls. The code does not specifically address post-

tensioned lateral systems so several conservative assumptions were made during analysis.  

Relocating the core walls of the building also resulted in the movement of vertical circulation wells. 

This aspect was explored in an architectural breadth to see the impact on floor plans. The mix use 

nature of the building makes floor plans vary greatly throughout the building. The first 14 floors of 

the building are mainly office level and did not see much of an impact by the change. However, the 

hotel/condo portions of the building through levels 15 to 23 were affected. Limited floor plans were 

provided but in a typical hotel/condo floor plan one of the hotel rooms had to be removed due to 

elevator shafts. This effect could cause potential issues for the condos on the top floors of thae 

building that take up more floor space.   

The second breadth topic focused on the construction management aspects of the redesign. A cost 

estimates and new schedules were composed for each system. It was found that the systems were 

around the same bare material cost however the new concrete redesign required additional 

overhead and production costs. The concrete building was also found to take longer to construct 

over the original steel framed building.  



R.  Bryan Peiffer Final Report Three PNC Plaza 
Structural Option  Pittsburgh, PA 

The Pennsylvania State University  P a g e  | 5 
 

Building Overview 

Three PNC Plaza is a 25 story, 

780,000 square foot, mixed use high-

rise building located in the heart of 

downtown Pittsburgh, Pennsylvania 

as seen in figure 2 highlighted in red.  

The erection of this building was a 

significant part to revitalizing the 

downtown area and marked the first 

new high-rise built in the city in the 

last 20 years.   

 

The building is mixed-use and allows for several different tenants to occupy the building as seen in 

figure 1.  Fairmont Hotels and Resorts moved into the building in March, 2010 with 185 rooms that 

are located on floors 14 through 23.  Along with the Fairmont Hotels, 28 Residences condominium 

units will occupy floors 14 through 23 in the fall of 2010.  The building has 10 floors of office space 

located from the 3rd through 13th floor.  These office spaces are home to PNC Bank and the REED 

Smith Law Firm.  The lower floors of the building house several different retail stores, a restaurant 

and a wine bar.   

 

 

 

 

  

Figure 1- Three PNC Occupancy Layout 

Figure 2- Three PNC Site Location 
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Existing Structural System 

Foundation System 

Pittsburgh is known for alluvial deposits 

which mean shallow foundations were 

not possible and deep foundations were 

required for Three PNC Plaza.  Also, the 

Pittsburgh area soil overburden is 60’ to 

bedrock.  This means that after the 30’ of 

excavation for the buildings parking 

garage structure, 30’ of soil would still 

remain until the bedrock would be 

reached.  Several different options for the foundation of the building were considered such as; 

auger cast pile, piles, H-piles, and caissons.  Ultimately, the foundation system chosen for Three PNC 

Plaza were caissons bearing on bedrock to achieve maximum axial capacity.  Four different size 

caissons were chosen for the foundation as seen in the Caisson Schedule in figure 3.  The caissons 

were designed for a typical column 

reaction of 3500 kips.  Brayman 

Construction Corporation was in charge 

of the installation of the 121 caissons for 

the building.  A typical caisson detail has 

been provided in figure 2.  The caissons 

bearing value is 15 tons per square foot 

and were drilled to auger refusal or 

socketed into the bedrock. 

 

 

 

 

  

Figure 3- Caisson Schedule 

Figure 4- Caisson Detail  
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Floor System 

Three PNC Plaza uses a composite steel and 

concrete floor system with a typical bay size of 

30’-0” x 42’-6”. The composite slab is composed 

of 2” 18-gauge metal floor deck with 3-½” light 

weight concrete, netting a total thickness of    5-

½”. The concrete is reinforced with one layer of 

6x6-W2.1xW2.1 wielded wire fabric. The 

composite deck transfers its load to fill beams 

that are placed at 10’-0” on center and primarily 

W21X44 beams with W24X62 girders. This floor 

design is used throughout the structure and 

different sized fill beams are used to deal with 

higher load areas. 

Columns 

Three PNC Plaza uses a variety of steel 

columns and concrete shear walls to 

support the gravity load of the building.  

The size of these columns can range in sizes 

from W14x68 all the way to a W14x740 in 

some cases.  The core of the building is 

supported by concrete shear walls up until 

the 14th floor which they then switch over to 

steel columns.  The remainder of the 

building is supported by steel columns from 

the ground floor that attach to concrete 

columns located in the parking garage.  The steel 

columns attach to the concrete shear wall via reinforced corbels.   The steel columns in the building 

are spliced together at a typical distance of 24’-0” as see in figure 6. 

 

Figure 6- Splice Detail  

Figure 5- Composite Floor 
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Roof System 

The roof structural system is very similar to the floor structural system used throughout the 

building.  It utilizes the same composite deck and slab configuration along with the same typical bay 

dimensions.  However, the fill beams are spaced closer together, at a typical spacing of 7.5 feet.  

These fill beams can differ in size from a W21x44 to a W27x129. 

Lateral System 

The main lateral resistant system used in Three PNC Plaza is a combination of several concrete 

shear wall cores and steel moment frames.  The shear walls are located throughout the core of the 

building and encase the stairwells and elevators as seen in figure 7 highlighted in red.  The core 

walls start at the lowest level of the parking garage structure and extend up until the 14th floor 

where they are met with steel columns and the moment frame takes over for the remainder of the 

building.  All of the shear walls used a concrete with a compressive strength of 5000 ksi.  The 

reinforcement for the shear walls changed depending on the location and can be seen in the shear 

wall Reinforcement schedule located in Appendix D.  A more detailed view of the shear walls at key 

locations of the wall can be in figures 10-13. 

 

 

 

Figure 7- Shear Wall Layout  
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Gravity Loads 

 Location Design 

(IBC 2003) 

Thesis 

(ASCE 7-10) 

 Retail 100 psf 100 psf 

 Office 50 psf 50 psf 

 Library 150 psf 150 psf 

 Hotel 40 psf 40 psf 

 Condominium 40 psf 40 psf 

 Ballroom 100 psf 100 psf 

 Garage 40 psf 40 psf 

 Mechanical Rooms 200 psf - 

 Assembly Areas 100 psf Depends on Area 

 Balconies 100 psf 1.5*Live Load 

 Restaurants 100 psf - 

 Roof 30 psf 20 psf 

 Stairs and Lobby 100 psf 100 psf 

 Corridors 80 psf 80 psf 

 

Floor Dead Loads  

Composite Decking 44 psf 

Superimposed Dead Load 30 psf 

Total 74 psf 

 

Curtain Wall Dead Load: 

 Assumed curtain wall was 8” thick and that the material weighted 40psf.  This resulted in a 

load of 60plf. 
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Snow Loads 

Snow loads were designed by section 7.3 of ASCE 7-10.  It was found that the Pf would be 17.325 

lb/sq.ft.  The shape of the building also results in a drift load calculation.  The calculations can be 

seen below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8- Snow Load Calculations  
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Proposal 

Structural Depth 

Problem Statement 

The existing structural system for Three PNC Plaza consists of concrete shear walls and a steel 

moment frame with a lightweight concrete composite decking system.   It was found throughout 

technical reports 1 to 3 that the current system used in the building is most likely the optimal 

design for the building.  Therefore, when exploring alternative systems to be used for the building, 

they may not result in the most effective system for the building.  However, it is being proposed to 

change the current system in the building to one that utilizes only concrete material.  The change to 

a concrete material could reduce costs depending on which system is utilized and provided a 

smaller floor depth. 

 

Problem Solution 

Research from Technical Report #2 provided insight into what systems would be valid alternatives 

for the building.  It resulted in the Two-Way Post-Tensioned slab being the front runner from a 

concrete system stand point due to its ability to span long distances.  However, a further 

investigation into the system will be required to see if it is an adequate alternative.  The Two-Way 

Flat Plate system would also be another system that could be used but would require additional 

columns added to reduce the 42.5’ spans found in the building.  With the new system in place the 

concrete shear walls will have to be redesigned and extended throughout the entire building to 

provide adequate lateral resistance.  Due to the increased weight of the building loads will have to 

be reexamined for both gravity and lateral.  The new system will then be compared to the current 

system to see the strengths and weaknesses of each. 
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Breadth Topics 

Construction Breadth 

A construction management breadth analysis will be performed to see the impact of the new 

structural system will have on the cost and schedule of the building.  The new cost will be done 

using RS Means for an initial estimate and further research will be devoted on how to provide a 

more thorough analysis.  Once the new cost and schedule information has been obtained it will be 

compared to the original cost and schedule to determine if the new design is practical from a 

cost/time perspective. 

 

Architectural Breadth 

Due to the changing of the structural design for the building aspects of the architecture could 

possibly be impacted and need redesigned.  A further investigation into the impact on the exterior 

curtain wall facade will be performed.  Also, changes to the floor plan layouts of the building will be 

investigated.  Key areas of interest will be the impact the new structural system has to the ballroom 

and mezzanine levels. 
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Design of Proposed Gravity System 

Initial Column Layout 

The existing column layout made 42.5’-0” by 30’-0” exterior bays and 20’-0” by 30’-0” interior bays.  

This layout was preserved in the redesign to avoid any major architectural impacts to the floor 

plans from new column locations. New columns were added to the interior section of the structure.  

A preliminary size for the columns of 36” by 36” was used during this stage of the design as a 

general starting size.  This column size of 36” was originally chosen to match with existing concrete 

columns in the parking structure located underneath the building. The column layout can be seen 

highlighted in blue in figure 9 below. 

 

Figure 9 - Initial Column Layout 

 

Preliminary Slab/Girder Sizes 

Preliminary sizes for slabs, girders, and columns were determined by research from online reads, 

existing building plans, and standard practice rules.  The overwhelming result from the research 

suggested starting with an 8” slab to handle the 30’ girder spacing along with the 100 psf live 

loading and 20 psf superimposed dead load.  Typical size of 60” wide by 20” deep would be the 

starting size for the girders and should be capable of spanning the need 42.5’-0” at the longest span 

lengths. A preliminary concrete strength of 5000 psi was chosen. Also, it was assumed that half the 

girder width could support half the tributary area.  At this point the lateral system was not being 

considered and a typical girder layout was assumed without shear walls being present in the design 

as seen in figure 10.  This resulted in the typical girder spanning over both exterior spans and the 

interior for a total of 3 spans.    
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Figure 10 – Initial Post-Tension Girder Layout 

Design of Post-Tensioned Slab 

With the preliminary size for the slab found the next step performed was sectioning the floor plan 

for the ground level to the 14th floor into four design areas.  These areas were labeled A through D, 

as seen in figure 11.  This step was then repeated for the additional levels 15 through 23 as seen in 

figure 12.  These design areas vary mainly in number of spans and also span lengths.  To design 

these slab sections the computer program ADAPT-PT version 8 was utilized in accordance to the 

newest code in the program (ACI318-05 / IBC 2006).  The concrete strength used for the slab and 

columns were 6000 psi and 10000 psi respectively.  Serviceability Design Requirements were used 

in accordance to pre-stressed Class U properties from Chapter 18 of ACI 318-08.  The stress limits 

used for the design can be seen in figure 11.   Slab sections A and D were designed first due to not 

needing to know the final position of shear walls throughout the core of the building.  The 

remaining sections, B, C and E, in the interior span were designed after the shear walls had been 

finalized.   

Figure 10 – PT Slab Limits  
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Figure 12 – Slab Zones Floors 1-14 

 

 

Figure 13 – Slab Zones Floors 15-23 

 

Using the ADAPT-PT modeler, 1’-0” wide slab sections were modeled to determine the required 

amount of Post-Tensioned force and the number of tendons per foot.  The loading for the slab 

sections were 100 psf live loading and 20 psf superimposed dead load.  The use of live load 

reduction was performed for the 100 psf live load in accordance to ASCE 7-10.  Due to the mix used 

nature of the building the original design called for a variety of 80 psf and 100 psf live loads 

throughout the building.  For this proposal the 100 psf live load was used through the entire 

building to allow for a more uniform design. Rebar sizes were set to #4 throughout all slabs. 
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Slab Zone A Design 

The design for Slab Zone A consisted of nine, 30’-0” spans.  Due to larger moments on the exterior 

spans more post tensioning force would be required for those spans.  The force applied in these 

bays could not exceed the pre-compression stress of 300 psi due the P/A limit.  Also, the minimum 

average effective pre-stress had to be greater than 125 psi as per ACI 18.12.4.  This resulted in the 

maximum allowable force of 28.8 kips to be applied at the exterior bays.  Even at the maximum 

force the post tensioning still was not enough for the design.  To increase the pre-compression 

tensile zone service condition limits the concrete strength was increased to 6000 psi. This resulted 

in the tension stress limit increasing from 530 psi to 581 psi making the design feasible.  The 

analysis was performed again and it was found that two tendons with a force of 28.8 kips in the 

exterior bays along with one tendon with a force 20 kips in the interior bays were adequate for the 

design.  Since the exterior bays require two tendons per foot, one of the tendons will have to be 

anchored in the adjacent interior bay.  A summary of the design can be seen in Figure 14 located 

below with a more detailed design in appendix C. 

 

 

Figure 14 – Slab A Tendon Layout 

 

 

 

 

 

Figure 15 – Slab A Design  
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Deflection values were taken from the ADAPT-PT program as seen in figure 16. These values along 

with hand deflection calculations were compared to code limits. The values were compared to the 

limit, L/360, of 1”. Hand and computer calculations came in well below this allowed value for all 

slabs. 

 

The reaming slab zones were designed following the same procedure as slab A. Each zone took 

several attempts to find the specific design required to meet code. The final designs are 

summarized in the figures below, more detailed information on each individual slab can be found in 

appendix C. 

 

 

 

 

 

 

 

Figure 16 – Slab A Deflections 
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Slab Zones B and C 

Both slab zones B and C were 2 span slabs located over the typically 20’-0” by 30’-0” interior bays of 

the building. The Slabs were sectioned off from one another to allow for the vertical circulation 

wells to pass through the building. The main difference between the designs for each slab was that 

slab B had a 15’ span and a 30’ span while slab C had two 30’ spans. They were both modeled with 

30” wide girders at the end of each span with a 60” girder located over the middle support. The 

smaller span in slab B made it challenging to achieve a design that passed code requirements. The 

stresses had to be reduced by increasing the tendon height at the center of the slab resulting in a 

decrease of the upward force created by the tendon to bring the stresses within the code limits. Slab 

C was a straight forward design due to the symmetry of the spans. Both of the slabs required 28.8 

kip provided by 2 strands per foot. A summary of each design can be seen in figures 17 and 18 

below with further details in appendix C.  

 

 

 

Figure 17 – Slab Zone B 

 

 

Figure 18 – Slab Zone C 
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Slab Zone D and E 

Slab D was very similar to slab A only that it had the extra 15’ span at the east end of the building 

making it a total of 10 spans. The forces required for the PT varies over the spans with the greatest 

amount on the far right span of 28.8 kip. The PT force for each span can be found in figure 19 along 

with the tendon layout in figure 20. The design for slab E was a relatively easy slab to design due to 

the symmetric spans, the layout can be seen in figure 21. 

 

 

Figure 19 – Slab Zone D Design Parameters 

 

 

Figure 20 – Slab Zone D 

 

Figure 21 – Slab Zone E 
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Design of Post-Tensioned Girders 

Wide-shallow post-tensioned girders will support the one-way slab system. They will be spanning 

in the short direction of the building (North to South), typically over 3 spans. The designs for the 

girders were broken up into separate groups by color, as seen in figure 22, to simplify the design 

process.  This resulted in 4 different types of girders throughout the building.  The main differences 

in the girders were the tributary area each one was designed for.  This resulted in different girder 

sizing and post tensioning for certain spans.  The initial size for the girders was 60” by 20” with the 

assumption that half the tributary area could be supported by half the girder width for certain 

girders.  

 

Figure 22 – Girder Types  

Further research showed that Preliminary thickness can be assumed by equation, L/30, which 

would produce a girder depth of exactly 17”. A more conservative value of 18” depth was used 

during design. Hand calculations can be seen in appendix C for girder type D, however due to 

complexity, computer analysis was used for final design and hand calculations were compared to 

the outputs.  The girders were essentially modeled as “T-Beams” because part of the slab would act 

with the beam. The effective width was used during calculations as per ACI 318-8.12. Girders were 

designed with the same parameters that were used when designing the slabs. Live load reductions 

were utilized when applicable in the designs. Further details than provided below for each design 

can be found in appendix C. 
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Girder A Design 

Girder A is located throughout all floors of the building. For 

the first 14 stories of the structure it is located at the west 

end, however, it becomes the predominate girder used 

through the remainder of the building (stories 15 to 23). The 

girder spans over the 20’ interior bay and one of the 42.5’ 

exterior bays. This resulted in the spans requiring different 

PT forces. This was accomplished by reducing the amount of 

tendons from one span to another span. The 20’ span 

required a force of 440 kips provided by 17 strands with a 

PT force of 88.0 kips per a strand. The 42.5’ span required a 

greater force of 740 kips which was provided by 28 strands with a force of 69.9 kips per a strand.  

 

Figure 24 – Girder A Design Parameters 

Girder B Design 

The design for girder B altered from the other girders due 

to the opening along one side of the mid span. Since the 

beam would only be required to support half of the 

tributary area the width was reduced to 30” instead of 60” 

over the mid span. Also, the beam was modeled without 

considerations of the effective flange width over the mid 

span because of the opening. The final design for the 

girder had much higher PT forces located in the exterior 

bays as expected. The summary of forces and tendon 

control points for the girder can be seen in figure 26. 

 

Figure 26 – Girder B Design Parameters 

Figure 23 – Girder A Model 

Figure 25 – Girder B Model 
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Girder C Design 

Girder C is a one span post tensioned girder due to the 

opening for the stairwells and elevator shafts. The girder 

did not have to deal with any forces caused by other 

spans allowing for a simple design. The final design for 

the girder consisted of 31 strands with a PT Force of 76.7 

kips per a strand. This resulted in 77% of the dead load to 

be balanced by the post tension system. The tendon 

control point heights can be seen in figure 27. 

 

 

Figure 27 – Girder C Design Parameters 

Girder D Design 

Girder Type D was a fairly uniform girder other than 

the span lengths between exterior and interior bays. 

The tributary area for each span was kept at 30’ and 

effective flange width was included in the design of 

each span. This resulted in force of 500 kips required 

in the interior span and 750 kips for the exterior. 

Once again the tendon locations and strand 

information can be found below in figure 29. 

 

 

 

Figure 29 – Girder D Design Parameters 

 

Figure 26 – Girder C Model 

Figure 28 – Girder D Model 
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Design of Columns 

After the slabs and girders were designed the 

columns could be analyzed for gravity loads.  The 

designs for the columns were performed using a 

variety of programs from the RAM Structural System 

software package.  The initial model, figure 30, was 

modeled in the RAM Structural Modeler portion of 

the program.  The model was then analyzed in RAM 

Concrete to determine the gravity loads throughout 

the building.  The final step was to use RAM Column 

to aid in the column design.  The material properties 

of the columns were entered in the program and 

assigned to the columns.  Once the columns were 

sized typical rebar patterns were assigned and the 

model was run to checked the columns in 

accordance with the newest code (ACI 318-02) 

provided by the program.  This process was 

repeated several times to find the correct sizing and 

rebar combinations.  The program provides a visual 

model showing which columns fail to meet required criteria by highlighting them in red.  The 

columns can then be looked at in detail to see why they are failing or not meeting code.  The 

columns sizes and rebar were changed until the entire structure was optimized for size while 

meeting code and strength requirements.   

 

Columns were preliminarily sized at 36” by 36” which takes up 9 square feet of floor space.  These 

sizes were pretty large and were looked at to try and reduce the footprint of the columns.  The first 

design process showed that the loads from the building were quite substantial and that a 36” by 36” 

column at 6ksi concrete strength were not capable of supporting the loads on the lowest floors.  

They were then resized until they were able to meet the demands of the loading.  This resulted in 

column sizes of 40” and higher throughout the bottom stories of the structure.  To resolve this issue 

the concrete strength was increased to 10ksi for the first 14 stories of the structure then reduced to 

7 ksi strength for the rest of the building.  This resolved the issue and the typical size for the lower 

stories could stay at the original 36” by 36”.  The large size of the 36” by 36” columns was not 

Figure 30 – RAM Model 
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practical for all stories of the building.  From a construction standpoint it did not make sense to 

have minute size changes ever floor.  Sizing for the columns were stepped down at 6” intervals so 

formwork could be reused over several floors. The final design for the building has a typical size 

change every 6 levels, results in four different sizes of columns; 36”x36”, 30”x30”, 24”x24” and 

18”x18”.  The majority of the columns in the building are reduced in size at the same time; however 

select columns do not follow this pattern due to increased/decreased loading. Figure 31 shows the 

RAM model used for the column designs. It is easy to see the size changes of each column due to the 

increase of stress represented by a color change. The orange columns have the largest stresses and 

are present typically every 6 stories. On the 15th story the concrete strength changes from 10ksi to 

7ksi which is also visible by the stress changes. 

 

 

Figure 31 – RAM Concrete Column Design Model 
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Design of Proposed Lateral System 

Design Process 

Load Combinations provided by ASCE 7-10 for strength design are: 

 

1. 1.4(D) 

2. 1.2(D) + 1.6(L) + .5(Lr or S or R)  

3. 1.2D + 1.6(Lr or S or R) + (L or .5W)  

4. 1.2D + 1.0W + L + .5(Lr or S or R)  

5. 1.2D + 1.0E + L +.2S  

6. .9D + 1.0W 

7. .9D + 1.0E  

 

For the analysis of the lateral system only load combinations that included lateral forces were 

explored.  This would result in load combinations 4 and 5 being used for the general loading and 

combinations 6 and 7 for uplift.  

 

The existing structure of Three PNC Plaza utilized a steel moment frame with concrete core walls 

throughout the middle to resist lateral forces. The same basic concept was used during design of the 

new lateral system. However, the existing core walls were located in 7 distinct sections as seen in 

figure 32.  The original placement of these walls did not fare well with the new floor slab chosen. It 

would have been very challenging to accommodate all of the openings and small slab sections in 

between the cores. To resolve this problem the core walls were shifted into 2 larger sections 

resulting in only 2 openings in the slab seen in figure 33. These shear walls would follow the 

original design and continue from the lower levels up until the 14th floor. Once the 14th floor is 

reached the moment frame will take over for the remainder of the building similar to the original 

design.  

 

 

 

 

 

 



R.  Bryan Peiffer Final Report Three PNC Plaza 
Structural Option  Pittsburgh, PA 

The Pennsylvania State University  P a g e  | 26 
 

 

 

Loads placed on the building will travel through the structure laterally and vertically until they 

reach the ground. These loads will be resisted by the lateral system elements depending on the 

individual elements relative stiffness to the whole system. The elements resisting higher portions of 

the load will correspond with higher relative stiffness’s. This design will resist the lateral loads 

resulting from seismic and wind forces by the transfer of load through the floor diaphragms to the 9 

post tensioned girders, edge beams, building columns and the 2 core shear wall systems.  

 

Figure 32 – Existing Shear Walls 

Figure 33 – Proposed Shear Walls 



R.  Bryan Peiffer Final Report Three PNC Plaza 
Structural Option  Pittsburgh, PA 

The Pennsylvania State University  P a g e  | 27 
 

The code was vague on how exactly the post tensioned slab would be accounted for in the lateral 

system. The ETABS Model was modeled without the slab portion of the beams to be conservative 

due to not knowing the full interaction of the post-tensioned slab/beam system. This results in a 

more conservative design since the model is not taking into account the full portion of the beams. 

The lateral system used in the building will be both concrete moment frames and concrete shear 

walls. A Response Modification Coefficient for the building would fall under the dual system 

classification in table 12.2-1 of ASCE-7. This means the moment frame portion of the building needs 

to be capable of supporting 25% of the seismic loading. The building was modeled and analyzed for 

both the concrete moment frame without shear walls and the moment frame with the shear walls 

as seen in figures 34 and 35. 

 

ETABS Model design assumptions 

 Floor slabs were modeled as diaphragm elements with rigid properties at each level 

 Joint/Points located on the ground level were restrained in all 6 degrees of freedom 

 All structural elements were modeled without mass properties 

 Shear walls were meshed into 24” by 24” areas 

 Columns and Beams were modeled as line elements 

 Moment of inertia of columns were reduced to 0.7I 

 Rigid end offsets were modeled with a multiplier of 1 

 Seismic Loads were applied at the center-of-mass 

 

 

 

 

 

 

 

 

 

 

 

 Figure 34 – Moment Frame Structure Figure 35 – Moment Frame and Shear Walls 
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Wind Loads 

Wind Load Design Criteria 
Category 

  Basic Wind Speed V 120 

Importance Factor I 
 Exposure Category - B 

Directionality 
Factor Kd 0.85 

Topographic Factor kzt 1 

Intensity of 
Turbulence Iz 0.2238 

Integral Length of 
Scale of Turbulence Lz 574.945 

Background 
Response Factor Q 0.7766 

Gust Effect Factor Gf 0.8231 

 
GCpi +/- 0.18 

Windward Pressure Cp 0.8 

Leeward Pressure Cp -0.5 
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East/West 

          

Story 
Height 

(ft) 
kz or 

kh qz 
Windward 

(psf) 
Windward 

(plf) 
Windward 

(kips) 
Leeward 

(psf) 
Leeward 

(plf) 
Leeward 

(kips) 

Story 
Force 
(kips) 

Moment (k-
ft) 

Building Portion A                     

1mezz 12.50 0.57 17.86 20.43 2507.65 15.68 -19.16 -2351.79 -14.11 29.79 372.42 

2.00 24.00 0.65 20.43 22.23 2729.22 16.42 -19.16 -2351.79 -14.70 31.12 746.86 

2mezz 37.50 0.75 23.34 24.21 2971.40 19.24 -19.16 -2351.79 -15.87 35.11 1316.78 

3.00 51.00 0.81 25.51 25.64 3146.94 20.65 -19.16 -2351.79 -15.87 36.52 1862.72 

4.00 64.50 0.87 27.20 26.74 3282.15 21.70 -19.16 -2351.79 -15.87 37.57 2423.44 

5.00 78.00 0.92 28.89 27.84 3417.56 22.61 -19.16 -2351.79 -15.87 38.49 3001.92 

6.00 91.50 0.96 30.22 28.70 3522.74 23.42 -19.16 -2351.79 -15.87 39.30 3595.78 

7.00 105.00 1.00 31.41 29.46 3616.33 24.09 -19.16 -2351.79 -15.87 39.97 4196.74 

8.00 118.50 1.04 32.47 30.13 3699.01 24.69 -19.16 -2351.79 -15.87 40.56 4806.82 

9.00 132.00 1.07 33.53 30.81 3781.94 25.25 -19.16 -2351.79 -15.87 41.12 5428.21 

10.00 145.50 1.10 34.50 31.43 3857.84 25.78 -19.16 -2351.79 -15.87 41.66 6061.37 

11.00 159.00 1.13 35.35 31.96 3923.44 27.24 -19.16 -2351.79 -16.46 43.71 6949.13 

12.00 173.50 1.16 36.25 32.54 3994.06 28.70 -19.16 -2351.79 -17.05 45.75 7937.87 

13.00 188.00 1.18 37.04 33.03 4054.39 29.68 -19.16 -2351.79 -17.34 47.03 8841.06 

Building Portion B                     

14.00 203.00 1.20 37.75 34.23 2139.39 21.35 -15.41 -962.85 -11.59 32.94 6687.25 

15.00 214.50 1.22 38.33 34.58 2161.05 12.36 -15.41 -962.85 -5.54 17.90 3839.59 

16.00 226.00 1.24 38.90 34.93 2182.83 12.49 -15.41 -962.85 -5.54 18.03 4073.67 

17.00 237.50 1.26 39.48 35.28 2204.71 12.61 -15.41 -962.85 -5.54 18.15 4310.76 

18.00 249.00 1.28 40.06 35.63 2226.67 12.74 -15.41 -962.85 -5.54 18.28 4550.88 

19.00 260.50 1.29 40.57 35.93 2245.86 12.86 -15.41 -962.85 -5.54 18.39 4791.88 

20.00 272.00 1.31 41.07 36.24 2264.86 12.97 -15.41 -962.85 -5.54 18.50 5033.28 

21.00 283.50 1.33 41.58 36.54 2283.92 13.08 -15.41 -962.85 -5.54 18.61 5277.11 

22.00 295.00 1.34 42.08 36.85 2303.04 13.19 -15.41 -962.85 -5.54 18.72 5523.56 

23.00 306.50 1.36 42.55 37.13 2320.47 13.87 -15.41 -962.85 -5.78 19.65 6022.68 

Roof Main 319.00 1.37 43.02 37.41 2338.01 20.70 -15.41 -962.85 -8.55 29.24 9327.67 

Roof High 342.00 1.40 43.88 37.93 2370.44 13.44 -15.41 -962.85 -5.54 18.98 6491.15 

         
Sum= 795.11 123470.60 
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North/South 

          

Story 
Height 

(ft) 
kz or 

kh qz 
Windward 

(psf) 
Windward 

(plf) 
Windward 

(kips) 
Leeward 

(psf) 
Leeward 

(plf) 
Leeward 

(kips) 

Story 
Force 
(kips) 

Moment  

(k-ft) 

Building Portion A                     

1mezz 12.50 0.57 17.86 19.52 5796.52 36.34 -25.96 -7711.17 -46.27 82.61 1032.57 

2.00 24.00 0.65 20.43 21.34 6338.93 38.06 -25.96 -7711.17 -48.19 86.25 2070.09 

2mezz 37.50 0.75 23.34 23.33 6929.32 44.78 -25.96 -7711.17 -52.05 96.83 3631.15 

3.00 51.00 0.81 25.51 24.79 7362.97 48.24 -25.96 -7711.17 -52.05 100.29 5114.63 

4.00 64.50 0.87 27.20 25.93 7699.99 50.84 -25.96 -7711.17 -52.05 102.89 6636.27 

5.00 78.00 0.92 28.89 27.05 8034.75 53.10 -25.96 -7711.17 -52.05 105.16 8202.10 

6.00 91.50 0.96 30.22 27.94 8297.13 55.12 -25.96 -7711.17 -52.05 107.17 9806.10 

7.00 105.00 1.00 31.41 28.72 8530.75 56.79 -25.96 -7711.17 -52.05 108.84 11428.67 

8.00 118.50 1.04 32.47 29.42 8737.44 58.28 -25.96 -7711.17 -52.05 110.33 13074.17 

9.00 132.00 1.07 33.53 30.11 8943.56 59.67 -25.96 -7711.17 -52.05 111.72 14747.54 

10.00 145.50 1.10 34.50 30.75 9132.28 61.01 -25.96 -7711.17 -52.05 113.06 16449.70 

11.00 159.00 1.13 35.35 31.30 9295.99 64.52 -25.96 -7711.17 -53.98 118.50 18841.12 

12.00 173.50 1.16 36.25 31.89 9471.48 68.03 -25.96 -7711.17 -55.91 123.94 21503.25 

13.00 188.00 1.18 37.04 32.40 9622.04 70.42 -25.96 -7711.17 -56.87 127.29 23929.89 

Building Portion B                     

14.00 203.00 1.20 37.75 32.89 9767.96 64.17 -25.96 -7711.17 -51.09 115.25 23396.16 

15.00 214.50 1.22 38.33 33.26 9878.22 56.48 -25.96 -7711.17 -44.34 100.82 21626.32 

16.00 226.00 1.24 38.90 33.63 9988.37 57.12 -25.96 -7711.17 -44.34 101.46 22928.98 

17.00 237.50 1.26 39.48 34.00 10098.42 57.75 -25.96 -7711.17 -44.34 102.09 24246.07 

18.00 249.00 1.28 40.06 34.37 10208.37 58.38 -25.96 -7711.17 -44.34 102.72 25577.59 

19.00 260.50 1.29 40.57 34.70 10305.32 58.98 -25.96 -7711.17 -44.34 103.32 26913.84 

20.00 272.00 1.31 41.07 35.02 10400.97 59.53 -25.96 -7711.17 -44.34 103.87 28252.59 

21.00 283.50 1.33 41.58 35.34 10496.55 60.08 -25.96 -7711.17 -44.34 104.42 29602.95 

22.00 295.00 1.34 42.08 35.66 10592.07 60.63 -25.96 -7711.17 -44.34 104.97 30965.85 

23.00 306.50 1.36 42.55 35.96 10679.54 63.83 -25.96 -7711.17 -46.27 110.09 33743.44 

Roof Main 319.00 1.37 43.02 36.26 10767.90 95.29 -25.96 -7711.17 -68.44 163.73 52228.48 

Roof High 342.00 1.40 43.88 36.80 10930.35 61.92 -25.96 -7711.17 -44.34 106.25 36339.10 

         
Sum= 2813.86 512288.61 
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Figure 36 – East/West Wind Base Shear 

Figure 37 – North/South Wind Base Shear 
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Seismic Loads 

Seismic calculations for the new concrete Three PNC Plaza structure were determined using the 

Equivalent Lateral Force Procedure according to ASCE 7-10 section 12.8.   To aid in these 

calculations some of the seismic design parameters for Pittsburgh, PA were found from the United 

States Geological Survey website using the Ground Motion Parameter Application.  The building 

would be classified as stated earlier under E.8 in table 12.2-1; Dual System with intermediate 

moment frames capable of resisting at least 25% of seismic forces along with ordinary reinforced 

concrete shear walls.   The design of the lateral force resistance system resulted in the Response 

Modification Coefficient of 5.5 to be used. The output for the ETABS models put the period of 

vibration to be 3.2 seconds. This value was not able to be used during calculations due the code 

value of Ta*Cu=2.114 seconds for the fundamental period of vibration being lower. This means the 

modeled building is more flexible then the code limits permit resulting in the calculations taking 

into account a more rigid structure producing larger forces.  The building weight was calculated to 

find the base shear force from the equation V=Cs (W). The minimum value of Cs was found to be 

0.023 resulting in 2.3% of the building weight or 2390.3 kips as the base shear.  After the base shear 

forces were calculated the vertical distribution of the seismic forces could be calculated as 

according to ASCE 7-10 section 12.8.3.  The calculations relied heavily on Microsoft excel and can be 

seen below in the tables provided.  

Seismic Design Criteria 

Seismic Use Group   III   

Site Class   D Provided 

Seismic Design Category   B Table 11.6-1 

Importance Factor Ie 1.25 Table 11.5-1 

Spectral Response Acceleration (Short) Ss 0.201 USGS 

Spectral Response Acceleration (1s) S1 0.118 USGS 

Site Coefficient Fa 1.6 Table 11.4-1 

  Fv 2.328 table 11.4-2 

Soil Modified Acceleration SMS 0.3216 Calculated 

  SM1 0.2747 Calculated 

Design Spectral Response (Short) SDS 0.2144 Calculated 

Design Spectral Response (1s) SD1 0.1831 Calculated 

Response Modification Coefficient Rx 5.5 Table 12.2-1 

  Ry 5.5 Table 12.2-1 

Approximate Period Parameter Ct 0.02 Table 12.8-2 

Building Height hn 319   

Approximate Period Parameter x 0.75 Table 12.8-2 

Approximate Fundamental Period Ta 1.51 Table 12.8-8 

Period Upper Limit Coefficient Cu 1.4 Table 12.8-1 

Long Period Transition Period TL 12 Figure 22-12 
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Floor 
Level 

Floor 
Height 

(ft) 

Total 
Height 

(ft) 
Weight 
(kips) w*hk CVX fi (kips) 

Vi 

(kips) Mz (k-ft) 

25% fi 
(kips) 

(MF only 
Load) 

Main 
Roof 23 319.0 3200 18765276 0.080 191 191 60831 48 

23 12.5 306.5 3200 17669646 0.075 180 370 55035 45 

22 11.5 295.0 3200 16681385 0.071 170 540 50007 42 

21 11.5 283.5 3200 15712393 0.067 160 699 45266 40 

20 11.5 272.0 3200 14763053 0.063 150 849 40806 38 

19 11.5 260.5 3200 13833772 0.059 141 990 36621 35 

18 11.5 249.0 3200 12924983 0.055 131 1121 32704 33 

17 11.5 237.5 3200 12037151 0.051 122 1244 29051 31 

16 11.5 226.0 3200 11170772 0.047 114 1357 25655 28 

15 11.5 214.5 3200 10326379 0.044 105 1462 22509 26 

14 11.5 203.0 4900 14553841 0.062 148 1610 30023 37 

13 15 188.0 4900 12965929 0.055 132 1742 24771 33 

12 14.5 173.5 4900 11490576 0.049 117 1859 20259 29 

11 14.5 159.0 4900 10076246 0.043 102 1961 16281 26 

10 13.5 145.5 4900 8816676 0.037 90 2051 13036 22 

9 13.5 132.0 4900 7614824 0.032 77 2128 10214 19 

8 13.5 118.5 4900 6473545 0.028 66 2194 7795 16 

7 13.5 105.0 4900 5396174 0.023 55 2249 5758 14 

6 13.5 91.5 4900 4386669 0.019 45 2293 4079 11 

5 13.5 78.0 4900 3449836 0.015 35 2328 2734 9 

4 13.5 64.5 4900 2591692 0.011 26 2355 1699 7 

3 13.5 51.0 4900 1820075 0.008 18 2373 943 5 

2mezz 13.5 37.5 4000 935356 0.004 10 2383 356 2 

2 13.5 24.0 4900 585348 0.002 6 2388 143 1 

1mezz 11.5 12.5 4000 179023 0.001 2 2390 23 0 

Ground 12.5 0.0 4900 0 0.000 0 2390 0 0 

  
 103700 235220621 1 2390   536598   

          T= 1.510 s 
       k= 1.505   
       Vb= 2390.3 kips 
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Drift and Displacement 

The serviceability limits for story displacement and drift were calculated from the ETABS model. 

The code does not address drift due to wind, but is typically limited to L/400 as a standard practice. 

Seismic drift was calculated in accordance with ASCE 7-10. The results show that both the extreme 

load cases for each direction were under the limits for total deflection. Story drift values for wind in 

the N/S direction did come very close to limits at some levels and even exceed them. This was not 

addressed because the values were very close and should not be an issue. The tables below show 

the deflection values for the controlling load case in both X and Y directions. Figure 38 shows the 

maximum deflections experienced by the building by the wind load acting on the Y (North/South) 

direction of the building. Please note the model deflections are not to scale and are greatly 

exaggerated for a visual inspection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Maximum Lateral Displacement in Y Direction (North South) due to wind load 

Floor 

Level 

Floor 

Height 

(ft) 

Total 

Height 

(ft) 

Displacement 

(in) 

Story 

Drift 

(in) 

Allowable 

Displacement 

(in) L/400 

Allowable 

Story 

Drift (in)  

Main 

Roof 23 319.0 5.93 0.2 9.57 0.375 

23 12.5 306.5 5.73 0.24 9.195 0.345 

22 11.5 295.0 5.49 0.24 8.85 0.345 

21 11.5 283.5 5.25 0.27 8.505 0.345 

20 11.5 272.0 4.98 0.3 8.16 0.345 

19 11.5 260.5 4.68 0.33 7.815 0.345 

18 11.5 249.0 4.35 0.35 7.47 0.345 

17 11.5 237.5 4.00 0.37 7.125 0.345 

16 11.5 226.0 3.63 0.38 6.78 0.345 

15 11.5 214.5 3.25 0.33 6.435 0.345 

14 11.5 203.0 2.92 0.22 6.09 0.45 

13 15 188.0 2.70 0.3 5.64 0.435 

12 14.5 173.5 2.40 0.28 5.205 0.435 

11 14.5 159.0 2.12 0.27 4.77 0.405 

10 13.5 145.5 1.85 0.25 4.365 0.405 

9 13.5 132.0 1.60 0.24 3.96 0.405 

8 13.5 118.5 1.36 0.23 3.555 0.405 

7 13.5 105.0 1.13 0.22 3.15 0.405 

6 13.5 91.5 0.91 0.2 2.745 0.405 

5 13.5 78.0 0.71 0.19 2.34 0.405 

4 13.5 64.5 0.52 0.16 1.935 0.405 

3 13.5 51.0 0.36 0.14 1.53 0.405 

2mezz 13.5 37.5 0.22 0.11 1.125 0.405 

2 13.5 24.0 0.11 0.076 0.72 0.345 

1mezz 11.5 12.5 0.034 0.034 0.375 0.375 

Ground 12.5 0.0 0.00 0 0 0 
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Maximum Lateral Displacement in X Direction (East West) due seismic load 

Floor 

Level 

Floor 

Height 

(ft) 

Total 

Height 

(ft) 

Displacement 

(in) 

Story 

Drift 

(in) 

Allowable 

Displacement 

(in) 0.015H 

Allowable 

Story 

Drift (in) 

0.015H 

Main 

Roof 23 319.0 2.56 0.09 53.592 2.25 

23 12.5 306.5 2.47 0.13 51.492 2.07 

22 11.5 295.0 2.34 0.16 49.56 2.07 

21 11.5 283.5 2.18 0.19 47.628 2.07 

20 11.5 272.0 1.99 0.23 45.696 2.07 

19 11.5 260.5 1.76 0.26 43.764 2.07 

18 11.5 249.0 1.50 0.28 41.832 2.07 

17 11.5 237.5 1.22 0.28 39.9 2.07 

16 11.5 226.0 0.94 0.28 37.968 2.07 

15 11.5 214.5 0.66 0.2 36.036 2.07 

14 11.5 203.0 0.46 0.04 34.104 2.7 

13 15 188.0 0.42 0.05 31.584 2.61 

12 14.5 173.5 0.37 0.04 29.148 2.61 

11 14.5 159.0 0.33 0.05 26.712 2.43 

10 13.5 145.5 0.28 0.04 24.444 2.43 

9 13.5 132.0 0.24 0.03 22.176 2.43 

8 13.5 118.5 0.21 0.04 19.908 2.43 

7 13.5 105.0 0.17 0.03 17.64 2.43 

6 13.5 91.5 0.14 0.03 15.372 2.43 

5 13.5 78.0 0.11 0.03 13.104 2.43 

4 13.5 64.5 0.08 0.03 10.836 2.43 

3 13.5 51.0 0.05 -0.25 8.568 2.43 

2mezz 13.5 37.5 0.30 0.1 6.3 2.43 

2 13.5 24.0 0.20 0.19 4.032 2.07 

1mezz 11.5 12.5 0.01 0.01 2.1 2.25 

Ground 12.5 0.0 0 0 0 0 
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Figure 38 – Max Building Deflection Diagram (North/South) 
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Column Check for Gravity and Lateral  

The column designs from the RAM outputs needed to be rechecked with account for the lateral 

loads. A sample calculation performed with excel can be found in the tables below for an internal 

column. The lateral forces the column will experience were found from the ETABS output and both 

axial and lateral forces were summarized below. Finally the forces were entered into the SP Column 

program to be analyzed. The lowest portion of the column was checked along with the column on 

floor level 15. Column 15 is a key point due the shear walls no longer being present to resist lateral 

loads resulting in much larger moments on the column. Both designs passed inspection along with 

the other levels resulting in the RAM rebar outputs being used. The rebar tables can be seen for this 

particular column in appendix E along with several other columns.  

 

Column Check 

Floor 
Level 

Tributary 
Area 

Dead 
Load 

Live Load 
(Reduced) 

Superimposed 
Dead Load 

Total 
Dead 
Load 

Snow 
Load 

1.4DL 
1.2D + 

1.6L 
1.2DL + 
1.6S + L 

Total 
Load 

Main 
Roof 937 93700 46381.5 18740 112440 16866 157416 209138.4 208295.1 209138.4 

23 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 418276.8 
22 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 627415.2 
21 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 836553.6 
20 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 1045692 
19 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 1254830.4 
18 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 1463968.8 
17 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 1673107.2 
16 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 1882245.6 
15 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 2091384 
14 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 2300522.4 
13 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 2509660.8 
12 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 2718799.2 
11 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 2927937.6 
10 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 3137076 
9 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 3346214.4 

8 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 3555352.8 
7 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 3764491.2 
6 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 3973629.6 
5 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 4182768 
4 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 4391906.4 
3 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 4601044.8 

2mezz 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 4810183.2 
2 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 5019321.6 

1mezz 937 93700 46381.5 18740 112440 0 157416 209138.4 181309.5 5228460 
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Interior Column Loading 

Floor Level 
Axial 

(Calculated) 
Moment 
(ETABS) 

23 418.28 93 

22 627.42 134 

21 836.55 176 

20 1045.69 222 

19 1254.83 270 

18 1463.97 320 

17 1673.11 372 

16 1882.25 458 

15 2091.38 507 

14 2300.52 134 

13 2509.66 175 

12 2718.80 179 

11 2927.94 184 

10 3137.08 192 

9 3346.21 194 

8 3555.35 194 

7 3764.49 193 

6 3973.63 189 

5 4182.77 182 

4 4391.91 173 

3 4601.04 160 

2mezz 4810.18 145 

2 5019.32 111 

1mezz 5228.46 178 
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Figure 39 – First Floor Interior Column Check 

 

Figure 40 – 15
th

 Floor Interior Column Check 
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Construction Management Breadth 

The purpose of the construction management breadth was to see the comparison between the 

existing and proposed structure from a cost and sequencing stand point. The design needs to be 

both applicable in resisting loads and a feasible design in the real world. These comparisons will 

help better understand the relations between systems. The original detailed construction 

information was unattainable so cost and scheduling details will be produced for both systems 

respectively. 

 

Cost Comparison 

The cost of a system is a very important aspect of a design. Owners do not want to spend more 

money than needed and if an alternative solution to the building could be proposed at a lower cost 

they most likely would be interested. The cost for each structure was tabulated using RS Means 

data in particular using the online Cost Works application. The application was ran for the year 

2007 (as far back as it would go) to get a more accurate cost for the time of construction. Detailed 

excel files for each cost can be found in appendix E while summarized date can be seen in the table 

below. Both analyses did not take into account the sublevels of the building under the assumption 

that it was already completed. 

 

 

 

 

 

Schedule Comparison 

Schedules were comprised by the use of RS Means Cost Works data and graphically with Microsoft 

Project. An arbitrary date was selected for the start of the schedule, because one was not known 

otherwise. Several assumptions and guidelines followed include: 

Concrete: 

 300 Cubic Yards daily maximum concrete pours 

 40 Hour work weeks 

 Sublevel parking garage already completed 

 Tendons man not be stressed until 3 days after concrete poured 

 Construction separated into 3 zones; A, B and C 

 

Cost Comparison  
  Bare Costs O&P Costs Total 

Steel  $16,008,174 $3,610,772 $19,618,946 

Concrete $16,599,099 $5,062,030 $21,661,129 



R.  Bryan Peiffer Final Report Three PNC Plaza 
Structural Option  Pittsburgh, PA 

The Pennsylvania State University  P a g e  | 41 
 

Steel 

 Erect 35 pieces of steel a day 

 Place floor decking after two stories are erected 

 Shear studs and welded wire fabric can lag behind decking 

 

As stated earlier the construction of the concrete structure was broken into 3 separate zones. This 

allowed for the construction speed to increase greatly by allowing one section being framed then 

moving onto frame another section while the previous is being poured. The total time per 2 floors 

for the concrete structure came out to be 32 days. To complete all floors it would take 

approximately 400 days. A typical schedule was made for the duration of 2 floors that can be seen 

in the appendix E. This process would be repeated throughout the rest of the building. The steel 

schedule was also made for a 2 story interval as seen in appendix. It came out to be around 43 days 

to complete a section of 2 resulting in a construction time of 537 days.  

 

Conclusion  

The proposed system and the steel system were very close in bare material costs. When over head 

and production were factored into the equation the concrete structure did become a more 

expensive system. Due to the limitations of the system from a cost stand point the original structure 

makes more sense. These estimates were based only of RS Mean’s data and may not account for all 

aspects of the cost associated with the respective systems. From the scheduling point of view the 

concrete structure could be erected quicker with repetitive form work and sequencing of slab 

sections.  Further increase in scheduling could be achieved with a two-day concrete cycle 

construction style. 

 

Architectural Breadth 

Design Process 

The redesigning of the new structural system impacts the existing architectural layout of the 

building. It was important to see to what effect these changes will make to Three PNC Plaza. The 

existing floor plans along with the vertical circulation of the building are key aspects that were 

investigated.  The major impact to these areas will be the relocation of vertical stairs/elevators. 

Preliminary Floor Plans for the current building were available for several floors. The floors that 

will be investigated are a typical office level, a hotel/condo level and the 2nd floor. Columns will be 

kept in their original locations to not interfere with architecture layouts. 
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Typical Condo/Hotel Plan (Level 15 Floor Plan) 

The existing layout can be seen in figure 41. The major change from the existing layout to the new 

layout results from the vertical circulation shafts, due to having to condense the elevators and 

stairwells into two distinct locations. The major area affected by the relocation of elements would 

be the hotel portion. Due to not being able to maintain all 7 elevators that serve the floor to left side 

of the building the service elevators were moved to the right side. This movement resulted in the 

loss of one hotel room space. Overall the new system provided very little leeway from an 

architectural stand point and the existing system produces a more desirable layout. The Condo 

units remained unaltered along with a majority of the closet and circulation spaces. The stairwell 

locations had minimal movement so no code violations would arise.  

 

 

 

Figure 41 - Floor 15 Existing Plan 

Figure 42 – Floor 15 Proposed Plan 
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Typical Office Plan (Level 5 Plans) 

The office layout for the existing plans provided a very large area for the tenants to occupy and do 

what they wanted with. The only architectural features for these floors were the vertical circulation 

wells and storage/wash room spaces. The elevators and stairwells were shifted into larger clusters 

as required by the structural redesign. This resulted in the bathroom and storage spaces having 

minimal relocations to the center of the floor plan. Circulation paths can be seen in the existing 

layout highlighted in yellow. This path was essentially mirrored along the long axis of the building 

for the redesign due to elevator openings being shifted. 

 

 

Figure 43 – Floor 5 Existing Plan 

Figure 44 – Floor 5 Proposed Plan 
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Floor Plan Level 2 

The provided plans for the second floor level had more information provided. The major aspects of 

the floor plan remain unchanged as seen from the figures below. However the ballroom area would 

still have to have a transfer girder as in the original plans to maintain the column free layout. This 

could be challenging due to the building weight increasing almost 2 times the existing structures 

weight. The new layout actually provides the ballroom and restaurant areas with some extra square 

footage while taking away space from the storage spaces located throughout the core of the 

building. 

 

Figure 45 – Floor 2 Existing Plan 

 

Figure 46 – Floor 2 Proposed Plan 
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Architectural Breadth Conclusion 

The floor plan of the building in the first 14 floors did not sustain a major impact from the vertical 

corridor changes. However, from the new layouts provided a large impact could be seen in the 

hotel/condo portion of the building. Losing hotel units would be a major drawback to the design 

and new architectural layouts may be required. Also, the top floor condos take up a larger portion 

of the floor plan and could see negative affects when further investigated. From an architectural 

stand point the original steel structure provided more flexibility with the structural system 

allowing a more practical floor plan to utilize the space to its fullest. 

 

Final Conclusion and Recommendations 

Post-tensioning was one of the wide variety of slab systems that could have been utilized during the 

redesign of the structure.  Some of the key reasons for choosing the system were: 

 Significant portions of load can be resist by tendons resulting in simplification of 

ordinary reinforcement 

 Reduction of dead load and member depths due to decreased amount of concrete 

required resulting in lower building weights 

 Increased deflection and crack control 

The existing exterior bay layout of 42.5’-0” by 30’-0” was preserved during the redesign without 

much of an issue. Due to the large bays columns were required to support large tributary areas. 

This resulted in fairly large column sizes to be used at the lower level of the building. The same 

basic lateral force resisting system was utilized in the redesign only with concrete moment frames 

instead of steel and both performed well. The redesign required movement of the interior core 

walls which did have negative effects form a circulation/architectural stand point. 

Based upon all of the information from thesis work the original assumption that the existing 

structure would be the more efficient system was proven. The concrete structure did not adapt to 

the mix use nature of the building as well as the steel structure can. Different loadings throughout 

the levels of the structure were more readily handled by the steel framed building. From a cost 

stand point it seems that the steel structure came in lower than the concrete structure. Due to the 

minimal gains of the concrete structure vs. the steel, this redesign would not be suggested. 
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APPENDIX A: Wind 
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APPENDIX B: Seismic  
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APPENDIX C:  Post-Tensioning  

Span A Design 
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Slab B Design  
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Slab C Design 
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Slab D Design 
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Slab E Summary 
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Girder A Summary 
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Girder B Summary 
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Girder C Summary 
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Girder D Summary 
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PT Girder Hand Calculation 
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APPENDIX D: Shear Wall Design 
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APPENDIX E: Construction Management Breadth 
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Concrete Cost Analysis 
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Steel Cost Analysis 



R.  Bryan Peiffer Final Report Three PNC Plaza 
Structural Option  Pittsburgh, PA 

The Pennsylvania State University  P a g e  | 70 
 

APPENDIX F: RAM Model Outputs 
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APPENDIX G: ETABS Outputs 

Modes 

 

Wind E/W 
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Seismic E/W 

 

Wind N/S 
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Seismic N/S 

 

Center of Rigidity/Mass 

 

 


